Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 2002-180877 
(43)Date of publication of application : 26.06.2002 



(51)Int.CI. 




F02D 41/18 
F02D 13/02 
F02D 45/00 




(21 Application number 


2001-289312 


(71)Applicant 


: TOYOTA MOTOR CORP 


(22)Date of filing : 


21.09.2001 


(72)Inventor : 


KOBAYASHI DAISUKE 








OHATA AKIRA 








MUTO HARUFUMI 



(30)Priority 

Priority number : 2000306591 Priority date : 05.10.2000 Priority country : JP 



(54) CONTROLLER OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a controller of an internal 
combustion engine capable of correctly and easily calculating an 
amount of the air taken into the internal combustion engine. 
SOLUTION: In this controller of the internal combustion engine for 
calculating the amount of the intake air taken into the engine 
having a variable valve timing mechanism, whether the intake 
pressure Pm of an intake pipe connected to the internal 
combustion engine, is less than a predetermined intake pressure Pc 
or not is determined (S12), the amount of the intake air Mc is 
calculated on the basis of a first relational expression as a linear 
expression of the intake pressure of the intake pipe when the 
intake pressure Pm of the intake pipe is below a predetermined 
intake pressure Pc (S14), and the amount of the intake air Mc is 
calculated (S16) on the basis of a second relational expression 
which is the linear expression of the intake pressure of the intake 
pipe, and ahs an inclination different from the first relational 
expression, when the intake pressure Pm of the intake pipe is not 
below the predetermined intake pressure Pc. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the internal combustion engine control unit which computes the inhalation air content inhaled by 
the internal combustion engine A judgment means to judge whether the intake pressure of the inlet pipe 
connected to said internal combustion engine is below a predetermined intake pressure, Said inhalation air 
content is computed based on the first relational expression which is a linear expression of the intake pressure of 
said inlet pipe when it judges that the intake pressure of said inlet pipe is below a predetermined intake pressure 
with said judgment means. An operation means to compute said inhalation air content based on the second 
relational expression which is a linear expression of the intake pressure of said inlet pipe, and is a different 
inclination from said first relational expression when it judges that the intake pressure of said inlet pipe is not 
below a predetermined intake pressure with said judgment means, The internal combustion engine control unit 
characterized by preparation ****** 

[Claim 2] Said first relational expression and said second relational expression are an internal combustion 
engine control unit according to claim 1 characterized by being set up so that it may pass along the same point 
by the system of coordinates of said intake pressure and said inhalation air content with said predetermined 
intake pressure. 

[Claim 3] In the internal combustion engine control unit which computes the inhalation air content inhaled by 
the internal combustion engine A judgment means to judge whether the intake pressure of the inlet pipe 
connected to said internal combustion engine is below a predetermined intake pressure, When it judges that the 
intake pressure of said inlet pipe is below a predetermined intake pressure with said judgment means, said 
inhalation air content is computed based on the linear expression of the intake pressure of said inlet pipe. The 
internal combustion engine control unit characterized by having an operation means to compute said inhalation 
air content based on the formula more than secondary [ of the intake pressure of said inlet pipe ] when it judges 
that the intake pressure of said inlet pipe is not below a predetermined intake pressure with said judgment 
means. 

[Claim 4] In the internal combustion engine control unit which computes the intake pressure of the inlet pipe 
connected to an internal combustion engine A judgment means to judge whether the inhalation air content 
inhaled by said internal combustion engine is below a predetermined inhalation air content, Said intake pressure 
is computed based on the first relational expression which is a linear expression of the inhalation air content 
inhaled by said internal combustion engine when it judges that the inhalation air content inhaled by said internal 
combustion engine with said judgment means is below a predetermined inhalation air content. An operation 
means to compute said intake pressure based on the second relational expression which is a linear expression of 
the inhalation air content inhaled by said internal combustion engine, and is a different inclination from said 
first relational expression when it judges that the inhalation air content inhaled by said internal combustion 
engine with said judgment means is not below a predetermined inhalation air content, The internal combustion 
engine control unit characterized by preparation ******. 

[Claim 5] Said first relational expression and said second relational expression are an internal combustion 
engine control unit according to claim 4 which carries out the description of being set up so that it may pass 
along the same point by the system of coordinates of said intake pressure and said inhalation air content by said 
predetermined inhalation air content. 

[Claim 6] The internal combustion engine control unit according to claim 1 to 5 characterized by said internal 
combustion engine having an adjustable valve gear. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the internal combustion engine control unit which computes 

the air content inhaled by the internal combustion engine. 

[0002] 

[Description of the Prior Art] In the internal combustion engine of a car, in order to realize good Air Fuel Ratio 
Control, it is required to grasp the exact inspired air volume supplied in a cylinder. Conventionally, as a thing 
which computes the inhalation air content of the air by which inhalation of air is carried out to an internal 
combustion engine and to compute, so that it may be indicated by JP,8-334050,A By transforming an equation 
of state [ in / for a pressure-of-induction-pipe force time amount differential value / an inlet pipe ] into a 
differential equation as a function of the pressure-of-induction-pipe force, and processing by approximating the 
function to a linear function and annealing it The pressure-of-induction-pipe force for every elapsed time after 
change of whenever [ throttle valve-opening ], and an engine rotational frequency is computed, and what 
searches for the computed pressure-of-induction-pipe force as an inlet- valve passage air content based on a 
linear expression is known ( drawing 3 of the official report concerned (B)). 
[0003] 

[Problem(s) to be Solved by the Invention] With the equipment mentioned above, since the pressure-of- 
induction-pipe force and an inhalation air content are approximated by the linear expression in the whole region 
of the pressure-of-induction-pipe force, it becomes possible [ reducing the memory load and operation load of 
an arithmetic unit ]. 

[0004] However, there is a trouble that, as for a linear expression, it will include the error of extent which is the 
whole region since the response relation between the actual pressure-of-induction-pipe force and an inhalation 
air content differs. In the internal combustion engine which had the adjustable valve gear especially, the 
calculation error of an inhalation air content becomes large at the time of the overlap to which an inlet valve and 
an exhaust valve will be in a valve-opening condition simultaneously. 

[0005] Moreover, in order to compute an inhalation air content to accuracy, it is possible to carry out map 
processing using the map about the pressure-of-induction-pipe force and an inhalation air content. However, an 
operation load will also become large, while the amount of data becomes large in this case and a big ROM 
capacity is needed. 

[0006] Then, this invention is made in order to solve such a trouble, and it aims at offering accuracy and a 
simply computable internal combustion engine control unit for the air content inhaled by the internal 
combustion engine. 
[0007] 

[Means for Solving the Problem] Namely, the internal combustion engine control unit concerning this invention 
In the internal combustion engine control unit which computes the inhalation air content inhaled by the internal 
combustion engine A judgment means to judge whether the intake pressure of the inlet pipe connected to an 
internal combustion engine is below a predetermined intake pressure, An inhalation air content is computed 
based on the first relational expression which is a linear expression of the intake pressure of an inlet pipe when 
it judges that the intake pressure of an inlet pipe is below a predetermined intake pressure with a judgment 
means. When it judges that the intake pressure of an inlet pipe is not below a predetermined intake pressure 
with a judgment means, it is characterized by having an operation means to compute an inhalation air content 
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based on the second relational expression which is a linear expression of the intake pressure of an inlet pipe, and 
is a different inclination from the first relational expression. 

[0008] According to this invention, by computing an inhalation air content based on at least two relational 
expression according to the intake pressure of an inlet pipe, the relation of the intake pressure of an inhalation 
air content and an inlet pipe can be made to approximate to a actual condition, and an inhalation air content can 
be computed to accuracy. Moreover, in order to compute an inhalation air content based on relational 
expression, compared with the case where map-ize an intake pressure and relation of an inhalation air content, 
and they are processed, calculation of an inhalation air content will become simple. 

[0009] Moreover, the internal combustion engine control unit concerning this invention is characterized by 
setting up the first relational expression and the second relational expression so that it may pass along the same 
point by the intake pressure and the intake pressure predetermined in the system of coordinates of an inhalation 
air content. 

[0010] Since according to this invention it is set up as passed along the same point in the first relational 
expression and the second relational expression, the straight line which starts the first relational expression and 
the second relational expression in the system of coordinates of an intake pressure and an inhalation air content 
surely becomes continuously. For this reason, even if it makes a setting-out change of the multiplier which 
specifies the first relational expression and the second relational expression, the continuity of the straight line 
concerning the first relational expression and the second relational expression is maintained, and an internal 
combustion engine can be controlled proper. Moreover, it becomes possible to count an intake pressure 
backward based on an inhalation air content using the inverse function type of the first relational expression and 
the second relational expression. 

[001 1] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination 
the first relational expression and the second relational expression, and passes along the same predetermined 
point, there is little setting-out data, it ends, and reduction of memory space and reduction of a count load can 
be aimed at. 

[0012] Moreover, the internal combustion engine control unit concerning this invention is set to the internal 
combustion engine control unit which computes the inhalation air content inhaled by the internal combustion 
engine. A judgment means to judge whether the intake pressure of the inlet pipe connected to an internal 
combustion engine is below a predetermined intake pressure, When it judges that the intake pressure of an inlet 
pipe is below a predetermined intake pressure with a judgment means, an inhalation air content is computed 
based on the linear expression of the intake pressure of an inlet pipe. When it judges that the intake pressure of 
an inlet pipe is not below a predetermined intake pressure with a judgment means, it is characterized by having 
an operation means to compute an inhalation air content based on the formula more than secondary [ of the 
intake pressure of an inlet pipe ]. 

[0013] According to this invention, it becomes possible more to compute an inhalation air content to accuracy. 
[0014] Moreover, the internal combustion engine control unit concerning this invention is set to the internal 
combustion engine control unit which computes the intake pressure of the inlet pipe connected to an internal 
combustion engine. A judgment means to judge whether the inhalation air content inhaled by the internal 
combustion engine is below a predetermined inhalation air content, An intake pressure is computed based on 
the first relational expression which is a linear expression of the inhalation air content inhaled by the internal 
combustion engine when it judges that the inhalation air content inhaled by the internal combustion engine with 
a judgment means is below a predetermined inhalation air content. When it judges that the inhalation air content 
inhaled by the internal combustion engine with a judgment means is not below a predetermined inhalation air 
content, it is characterized by having an operation means to compute an intake pressure based on the second 
relational expression which is a linear expression of the inhalation air content inhaled by the internal 
combustion engine, and is a different inclination from the first relational expression. 
[0015] Moreover, the internal combustion engine control unit concerning this invention carries out the 
description of being set up as passed along the same point in the first relational expression and the second 
relational expression by the predetermined inhalation air content by the system of coordinates of an intake 
pressure and an inhalation air content. 

[0016] According to these invention, by computing an intake pressure based on at least two relational 
expression according to an inhalation air content, the relation of the intake pressure of an inhalation air content 
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and an inlet pipe can be made to approximate to a actual condition, and an intake pressure can be computed to 
accuracy. Moreover, in order to compute an intake pressure based on relational expression, compared with the 
case where map-ize an intake pressure and relation of an inhalation air content, and they are processed, 
calculation of an intake pressure will become simple. 

[0017] Moreover, the straight line which starts the first relational expression and the second relational 
expression in the system of coordinates of an intake pressure and an inhalation air content surely becomes 
continuously by setting up the first relational expression and the second relational expression so that it may pass 
along the same point. For this reason, even if it makes a setting-out change of the multiplier which specifies the 
first relational expression and the second relational expression, the continuity of the straight line concerning the 
first relational expression and the second relational expression is maintained, and an internal combustion engine 
can be controlled proper. Moreover, it also becomes possible to count an inhalation air content backward based 
on an intake pressure using the inverse function type of the first relational expression and the second relational 
expression. 

[001 8] Furthermore, since what is necessary is just to set up as a formula which makes a predetermined 
inclination the first relational expression and the second relational expression, and passes along the same 
predetermined point, there is little setting-out data, it ends, and reduction of memory space and reduction of a 
count load can be aimed at. 

[0019] Moreover, the internal combustion engine control unit concerning this invention is characterized by an 
internal combustion engine having an adjustable valve gear. 

[0020] According to this invention, a predetermined intake pressure can be set up according to the valve train 
property of an adjustable valve gear, and an inhalation air content can be computed to accuracy according to the 
valve train property of an adjustable valve gear by computing an inhalation air content based on relational 
expression which is different in each set-up field of the high-tension side of an intake pressure, and the low- 
tension side. Moreover, a predetermined inhalation air content can be set up according to the valve train 
property of an adjustable valve gear, and an intake pressure can be computed to accuracy according to the valve 
train property of an adjustable valve gear by computing an intake pressure based on relational expression which 
is different in each field of few [ many and ] sides from the set-up inhalation air content. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail with 
reference to an accompanying drawing. In addition, in explanation of a drawing, the same sign is given to the 
same element, and the overlapping explanation is omitted. 

(The first operation gestalt) The explanatory view of the internal combustion engine control unit applied to this 
operation gestalt at drawing 1 is shown. 

[0022] As shown in this Fig., an internal combustion engine control device is equipment which computes the 
inhalation air content inhaled in the cylinder of the engine 2 which is an internal combustion engine. The engine 
2 set as the object of inhalation air content calculation is equipped with an adjustable valve gear. For example, 
the engine 2 is equipped with the adjustable valve timing device 5 in which the closing motion timing of an 
inlet valve 3 and an exhaust valve 4 is changed, as an adjustable valve gear. It connects with ECU6 electrically, 
and the adjustable valve timing device 5 operates based on the control signal outputted from ECU6, and outputs 
the detecting signal about valve timing to ECU6 through the detection sensors 7, such as a cam position sensor. 
[0023] The crank position sensor 12 is formed in the engine 2. The crank position sensor 12 is a sensor which 
detects an engine speed, and it connects with ECU6 and it outputs a pair necropsy appearance signal to ECU6. 
[0024] The injector 9 which injects a fuel is formed in the combustion chamber 8 at the engine 2. An injector 9 
is a fuel-injection means to supply a fuel to a combustion chamber 8, and is installed every cylinder 10 with 
which an engine 2 is equipped. The combustion chamber 8 is formed above the piston 1 1 arranged in the 
cylinder 10. The inlet valve 3 and the exhaust valve 4 are arranged in the upper part of a combustion chamber 8. 

[0025] The intake manifold 20 is connected to the upstream of an inlet valve 3. The surge tank 21 is connected 
to the upstream of an intake manifold 20. An intake manifold 20 and a surge tank 21 constitute the inlet pipe 
connected to an engine 2. Furthermore, the air cleaner 22 is installed in the inhalation-of-air path of the 
upstream of a surge tank 21 . 

[0026] The throttle valve 23 is formed in the upper location of a surge tank 21. A throttle valve 23 operates 
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based on the control signal of ECU6. The throttle opening of a throttle valve 23 is detected by the throttle 
position sensor 24, and is inputted into ECU6. 

[0027] The air flow meter 25 is formed in the down-stream location of an air cleaner 22. An air flow meter 25 is 
an inhalation air content detection means to detect an inhalation air content. The detecting signal of an air flow 
meter 25 is inputted into ECU6. 

[0028] ECU6 controls the whole equipment of the internal combustion engine control unit 10, and the computer 
containing CPU, ROM, and RAM is constituted as a subject. The various control routines which contain an 
inhalation air content calculation routine in ROM are memorized. 

[0029] Next, actuation of the internal combustion engine control unit concerning this operation gestalt is 
explained. 

[0030] Drawing 2 is a flow chart which shows actuation of an internal combustion engine control device. 
[0031] Step S10 (it is only hereafter indicated as "S10".) of this Fig. Suppose that it is the same about other 
steps. The operation of the intake pressure Pm of an inlet pipe is performed. The intake pressure Pm of this inlet 
pipe is calculated based on the inhalation air content which is the pressure-of-induction-pipe force of the 
throttle-valve 23 downstream in an inlet pipe, for example, is detected by the air flow meter 25. 
[0032] Moreover, the intake pressure Pm of an inlet pipe may be calculated based on the throttle opening of a 
throttle valve 23. Furthermore, the pressure sensor which carries out direct detection of the intake pressure to an 
inlet pipe is formed, the detecting signal of the pressure sensor is read, and it is good also as an intake pressure 
Pm. 

[0033] And it shifts to S12 and it is judged whether it is below the predetermined intake pressure Pc by which 
the intake pressure Pm of an inlet pipe is beforehand set as ECU6. The intake pressure Pc is set up according to 
the engine speed detected by the crank position sensor 12, the valve timing detected by the detection sensor 7 
based on the valve train property of the adjustable valve timing device 5. For example, based on the valve train 
property of the adjustable valve timing device 5, an intake pressure Pc is small set up, when an engine speed is 
large, and when an engine speed is small, it is set up greatly. 

[0034] In SI 2, when judged with it being below the intake pressure Pc to which the intake pressure Pm of an 
inlet pipe was set, it shifts to S14 and the inhalation air content Mc is computed based on the first following 
relational expression (1) which is a linear expression of the intake pressure Pm of an inlet pipe. 
[0035] Mc=al-Pm-bl .... (1) 

On the other hand, when judged with it not being below the intake pressure Pc to which the intake pressure Pm 
of an inlet pipe was set in SI 2, it shifts to SI 6 and the inhalation air content Mc is computed based on the 
second following relational expression (2) which is a linear expression of the intake pressure Pm of an inlet 
pipe, and is a different inclination from the first relational expression. 
[0036] Mc=ah-Pm-bh .... (2) 

Here, the intake pressure Pm in the operation of the inhalation air content Mc and the relation of the inhalation 
air content Mc to S14 and SI 6 are shown to drawing 3 . 

[0037] As a continuous line shows drawing 3 , when the intake pressure Pm of an inlet pipe is below the 
setting-out intake pressure Pc, inspired air volume Mc is computed based on the first relational expression 
(Mc=al-Pm-bl), and when the intake pressure Pm of an inlet pipe is larger than the setting-out intake pressure 
Pc, inspired air volume Mc is computed based on the second relational expression (Mc=ah-Pm-bh). 
[0038] At this time, the inclination al of the first relational expression and the inclination ah of the second 
relational expression are set as a mutually different value, for example, the inclination al of the first relational 
expression is set up smaller than the inclination ah of the second relational expression. Compared with the case 
where this computes inspired air volume for the whole region of an intake pressure only by one linear 
expression as the broken line of drawing 3 shows, the inspired air volume near actual inspired air volume is 
computable. 

[0039] Moreover, the inclination ah and Intercept bh of inclination al of the first relational expression, Intercept 
bl, and the second relational expression are a parameter depending on the valve timing and the engine speed of 
the adjustable valve timing device 5. The inclination al of the first relational expression is set up smaller, and 
the inclination ah of the second relational expression is more greatly set up as the condition (valve overlap) that 
the inclination al of the first relational expression and the inclination ah of the second relational expression were 
set as a different value according to the condition of the valve timing of the adjustable valve timing device 5, for 
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example, the inlet valve 3 and the exhaust valve 4 opened simultaneously becomes long. It becomes computable 
[ the inspired air volume near actual inspired air volume ] by this. 

[0040] Moreover, when the adjustable valve timing device 5 can carry out adjustable [ of a phase and the 
amount of lifts ], according to those phases and the amount of lifts, the inclination ah and Intercept bh of 
inclination al of the first relational expression, Intercept bl, and the second relational expression are set up. 
[0041] By the way, in drawing 3 , when an inlet valve 3 and an exhaust valve 4 will not be in the condition of 
having opened simultaneously, at the time of actuation of an engine 2, as a broken line shows, it is possible to 
calculate the whole region of the intake pressure of an inlet pipe for the inhalation air content Mc in one straight 
line, i.e., one linear expression, (when you have no valve overlap). 

[0042] That is, when computing the air content in the cylinder of an engine 2 using equation of state P-V=M-R- 
T, since the cylinder internal pressure P of the flash which the inlet valve 3 closed becomes almost equal to the 
pressure-of-induction-pipe force, the pressure-of-induction-pipe force can be substituted as a pressure P, and the 
air content M in V, then a cylinder can be computed for cylinder capacity when an inlet valve 3 closes. 
Although a burned gas component is also contained in a cylinder in that case, when the timing which an exhaust 
valve 4 closes is set constant, it is possible that the amount of burned gas is also almost fixed. For this reason, 
the inhalation air content mc in a cylinder (new temper) can be approximated in a straight line as a linear 
expression of an intake pressure Pm by the following formula (3). 
[0043] mc=A-Pm-B .... (3) 

At this time, A is set up based on V/(R-T), and B is set up based on the amount of burned gas. In addition, R is 
a gas constant and T is temperature. 

[0044] However, since the back run to an inspired air flow path from the exhaust side of a cylinder arises when 
there is a valve overlap, the amounts of burned gas which the condition of a valve overlap responds and remain 
in a cylinder to the pressure-of-induction-pipe force differ. Therefore, in an approximation like a formula (3), an 
inhalation air content cannot compute to accuracy. 

[0045] A reflux flow to the inlet pipe out of a cylinder when an inlet valve 3 opens is determined by the 
difference of cylinder internal pressure and the pressure-of-induction-pipe force. 

[0046] The relation of the pressure ratio and reflux flow in the vertical style of an inlet valve 4 is shown in 
drawing 4 . If a bulb up down-stream pressure ratio (cylinder internal pressure of the pressure-of-induction-pipe 
force / downstream of the upstream) becomes small as shown in this Fig., a reflux flow will also increase. For 
this reason, according to change of the pressure-of-induction-pipe force, change will be produced in an 
inhalation air content. 

[0047] moreover, if the pressure ratio of a bulb up lower stream of a river becomes smaller than a fixed pressure 
ratio, a reflux flow will serve as about 1 law, and the relation between the pressure ratio of a bulb up lower 
stream of a river and a reflux flow will change. This will be considered based on hardly changing, if the volume 
in a cylinder carries out integral processing of the passage air content of an inlet valve 3 since [ small ] pressure 
variation is early compared with an inlet pipe etc. even if a pressure ratio changes. Therefore, since an 
inhalation air content changes with whether it is below a pressure with the fixed pressure-of-induction-pipe 
force, in order to compute an inhalation air content to accuracy, it is necessary to use the formula from which 
the pressure-of-induction-pipe force differs by whether it is below a fixed pressure. 

[0048] Moreover, when there is a valve overlap, cylinder capacity changes according to valve timing. Thereby, 
since an inhalation air content changes, in an approximation like a formula (3), an inhalation air content cannot 
compute to accuracy. In this case, it becomes computable [ an exact inhalation air content ] by setting up 
suitably the parameters al, bl, ah, and bh in the formula (1) mentioned above and (2) according to an engine 
speed or valve timing. 

[0049] As mentioned above, according to the internal combustion engine control unit concerning this operation 
gestalt, by computing the inhalation air content Mc based on two relational expression (1) and (2) according to 
the intake pressure Pm of an inlet pipe, the relation of the intake pressure of an inhalation air content and an 
inlet pipe can be made to approximate to a actual condition, and an inhalation air content can be computed to 
accuracy. Especially, the predetermined intake pressure Pc is set up according to the valve train property of the 
adjustable valve timing device 5, and the exact inhalation air content according to the valve train property of an 
adjustable valve gear can be computed by computing an inhalation air content based on relational expression 
which is different in each set-up field of the high-tension side of an intake pressure Pc, and the low-tension side. 
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[0050] Moreover, in order to compute an inhalation air content based on relational expression, as compared 
with map processing etc., calculation of an inhalation air content will become simple. For example, in the 
internal combustion engine control device concerning this operation gestalt, if the parameters al and bl of the 
first relational expression, the parameters ah and bh of the second relational expression, and the setting-out 
intake pressure Pc are set up in a certain engine speed and valve timing, an inhalation air content is computable. 
For this reason, compared with the pressure-of-induction-pipe force and the map processing using the map 
about an inhalation air content, the amount of data which should be stored can decrease substantially. Moreover, 
since the formula for inhalation air content calculation is a linear expression, an operation will also become easy 
and reduction of an operation load can also be aimed at. 

[0051] It is dramatically useful when applying to the engine which performs engine control of a torque demand 
method especially. 

(The second operation gestalt) The internal combustion engine control unit applied to the second operation 
gestalt next is explained. 

[0052] Although the internal combustion engine control unit concerning this operation gestalt is constituted 
almost like the internal combustion engine control unit concerning the first operation gestalt, they differ at the 
point using an above-mentioned formula (1) and relational expression other than (2) as the first relational 
expression which computes an inhalation air content, and the second relational expression. 
[0053] The flow chart about actuation of the internal combustion engine control device applied to this operation 
gestalt at drawing 5 is shown. In addition, the hard configuration of the internal combustion engine control unit 
concerning this operation gestalt is carried out like the internal combustion engine control unit concerning the 
first operation gestalt shown in drawing 1 . 

[0054] As shown in S20 of drawing 5 , the operation of the intake pressure Pm of an inlet pipe is performed. 
The operation of this intake pressure Pm is performed based on the inhalation air content which is performed 
like R> 2 drawing 2 S10, for example, is detected by the air flow meter 25. Moreover, the intake pressure Pm of 
an inlet pipe may be calculated based on the throttle opening of a throttle valve 23. Furthermore, the pressure 
sensor which carries out direct detection of the intake pressure to an inlet pipe is formed, the detecting signal of 
the pressure sensor is read, and it is good also as an intake pressure Pm. 

[0055] And it shifts to S22 and it is judged whether it is below the predetermined intake pressure Pc by which 
the intake pressure Pm of an inlet pipe is beforehand set as ECU6. The intake pressure Pc is set up according to 
the engine speed detected by the crank position sensor 12, the valve timing detected by the detection sensor 7 
based on the valve train property of the adjustable valve timing device 5. For example, based on the valve train 
property of the adjustable valve timing device 5, an intake pressure Pc is small set up, when an engine speed is 
large, and when an engine speed is small, it is set up greatly. 

[0056] In S22, when judged with it being below the intake pressure Pc to which the intake pressure Pm of an 
inlet pipe was set, it shifts to S24 and the inhalation air content Mc is computed based on the first following 
relational expression (4) which is a linear expression of the intake pressure Pm of an inlet pipe. 
[0057] 

Mc=al and (Pm-Pc) +Qc .... (4) 

On the other hand, when judged with it not being below the intake pressure Pc to which the intake pressure Pm 
of an inlet pipe was set in S22, it shifts to S26 and the inhalation air content Mc is computed based on the 
second following relational expression (5) which is a linear expression of the intake pressure Pm of an inlet 
pipe, and is a different inclination from the first relational expression. 
[0058] 

Mc=ah and (Pm-Pc) +Qc .... (5) 

Here, the intake pressure Pm in the operation of the inhalation air content Mc and the relation of the inhalation 
air content Mc to S24 and S26 are shown to drawing 6 . 

[0059] As shown in drawing 6 , when the intake pressure Pm of an inlet pipe is below the setting-out intake 
pressure Pc, inspired air volume Mc is computed based on the first relational expression (Mc=al and (Pm-Pc) 
+Qc), and when the intake pressure Pm of an inlet pipe is larger than the setting-out intake pressure Pc, inspired 
air volume Mc is computed based on the second relational expression (Mc=ah and (Pm-Pc) +Qc). 
[0060] The first relational expression and the second relational expression are set up so that it may pass along 
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the same point by the system of coordinates of an intake pressure Pm and the inhalation air content Mc with an 
intake pressure Pc. For example, in the system of coordinates of an intake pressure Pm and the inhalation air 
content Mc, the first relational expression and the second relational expression are set up so that each straight 
line concerning the first relational expression and the second relational expression may pass along the same 
point (Pc, Qc). 

[0061] A value with the same multipliers Pc and Qc in the first relational expression and the second relational 
expression is used. On the other hand, the multipliers al and ah of the inclination in the first relational 
expression and the second relational expression are set as a mutually different value, for example, the 
inclination al of the first relational expression is set up smaller than the inclination ah of the second relational 
expression. 

[0062] As mentioned above, according to the internal combustion engine control concerning this operation 
gestalt, the straight line which starts the first relational expression and the second relational expression in the 
system of coordinates of an intake pressure Pm and the inhalation air content Mc surely becomes continuously 
by setting up the first relational expression and the second relational expression so that it may pass along the 
same point (Pc, Qc) by the predetermined intake pressure Pc. For this reason, even if it makes a setting-out 
change of the multipliers al, ah, Pc, and Qc of the first relational expression and the second relational 
expression, the continuity of the straight line concerning the first relational expression and the second relational 
expression is maintained. Therefore, a proper inhalation air content can be computed and proper engine control 
is attained. 

[0063] For example, the first relational expression is expressed like the following formula (6), and when the 
first relational expression and the second relational expression are set up using [ al ] Qc as 50.4 for 0.9 and ah 
using 2.1 and Pc as 49.5, as shown in the following (7), the second relational expression is expressed. 
[0064] 

Mc=0.9 (Pm-49.5), +50.4 (Pm<=49.5) - (6) 
Mc=2.1 (Pm-49.5), +50.4 (Pm> 49.5) -- (7) 

And the straight line concerning the first relational expression of a formula (6) and the second relational 
expression of a formula (7) becomes the continuous thing as the continuous line of drawing 7 shows. 
[0065] If below decimal point is rounded off, respectively and a setting-out change is made here about the 
multipliers al (0.9), ah (2.1), Pc (49.5), and Qc (50.4) in the first relational expression of a formula (6), and the 
second relational expression of a formula (7), the first relational expression of a formula (6) will turn into the 
following formula (8), and the second relational expression of a formula (7) will turn into the following formula 
(9). 
[0066] 

Mc=l (Pm-50), +50 (Pm<=50) - (8) 
Mc=2 (Pm-50), +50 (Pm> 50) - (9) 

The straight line concerning the first relational expression of this formula (8) and the second relational 
expression of a formula (9) becomes what carried out fashion continuation as shown by the broken line of 
drawing 7 , and the continuity of two straight lines is maintained. Therefore, a suitable inhalation air content can 
be computed and engine control is attained with a good air- fuel ratio. 

[0067] On the other hand, as shown in the following formula (10) and (11), when a formula (6) and (7) are 
transformed and the first relational expression and the second relational expression are set up as an inclination 
and a multiplier of only an intercept, the first relational expression and the second relational expression are 
expressed. 
[0068] 

Mc=0.9 and Pm+5.85 (Pm<=49.5) - (10) 
Mc=2.1 and Pm-53.55 (Pm> 49.5) - (11) 

If below decimal point is rounded off about an inclination multiplier and an intercept multiplier, a formula (10) 

and (11) will be set to the following formula (12) and (13). 

[0069] 

Mc=l and Pm+6 (Pm<=50) - (12) 
Mc=2 and Pm-54 (Pm> 50) - (13) 

And the straight line concerning the first relational expression of this formula (12) and the second relational 
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expression of a formula (13) becomes what has an inhalation air content discontinuous on the boundary of 
Pm=50, as shown by the alternate long and short dash line of drawing 7 . In this case, there is a possibility it not 
only worsens an air-fuel ratio by changing discontinuously, but that an inhalation air content may cause 
aggravation of drivability. For this reason, it is necessary to make a change of each multiplier in consideration 
of the whole multiplier, and a maintenance etc. becomes complicated. 

[0070] Moreover, according to the internal combustion engine control concerning this operation gestalt, it is 
also possible to count an intake pressure backward based on an inhalation air content using the inverse function 
type of the first relational expression and the second relational expression. That is, since an intake pressure Pm 
and the inhalation air content Mc serve as relation which followed one to one by connecting an intake pressure 
Pm and the inhalation air content Mc with the first relational expression and the second relational expression, 
based on an inhalation air content, an intake pressure can be counted backward. 

[0071] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination 
the first relational expression and the second relational expression, and passes along the same predetermined 
point, there is little setting-out data, it ends, and reduction of memory space and reduction of a count load can 
be aimed at. For example, in the internal combustion engine control device concerning this operation gestalt, 
that what is necessary is just to set up four multiplier data, Pc, Qc, al, and ah, as a map for every engine speed 
and valve timing, since the number of data decreases, reduction of memory space and reduction of a count load 
can be aimed at. 

(The third operation gestalt) The internal combustion engine control unit applied to the third operation gestalt 
next is explained. 

[0072] The internal combustion engine control device concerning this operation gestalt is equipment which 
computes the intake pressure of the inlet pipe of an engine 2. The hard configuration of the internal combustion 
engine control unit concerning this operation gestalt is carried out like the internal combustion engine control 
unit concerning the first operation gestalt shown in drawing 1 . 

[0073] The flow chart about actuation of the internal combustion engine control device applied to this operation 
gestalt at drawing 8 is shown. 

[0074] As shown in S30 of drawing 8 , the operation of the inhalation air content Mc inhaled by the engine 2 is 
performed. The operation of this inhalation air content Mc is performed by setting up target inspired air volume 
for example, based on an accelerator opening. Moreover, it may calculate based on fiiel oil consumption and an 
air- fuel ratio. 

[0075] And it shifts to S32 and it is judged whether the inhalation air content Mc inhaled by the engine 2 is 
below the predetermined inhalation air content Qc beforehand set as ECU6. The inhalation air content Qc is set 
up according to the engine speed detected by the crank position sensor 12, the valve timing detected by the 
detection sensor 7 based on the valve train property of the adjustable valve timing device 5. 
[0076] In S32, when judged with it being below the inhalation air content Qc to which the inhalation air content 
Mc was set, it shifts to S34 and an intake pressure Pm is computed based on the first following relational 
expression (14) which is a linear expression of the inhalation air content Mc. 
[0077] 

Pm=(Mc-Qc)/al+Pc .... (14) 

On the other hand, when judged with the inhalation air content Mc not being below the inhalation air content 
Qc in S32, it shifts to S36 and an intake pressure Pm is computed based on the second following relational 
expression (15) which is a linear expression of the inhalation air content Mc, and is a different inclination from 
the first relational expression. 
[0078] 

Pm=(Mc-Qc)/ah+Pc .... (15) 

As mentioned above, since according to the internal combustion engine control concerning this operation gestalt 
the first relational expression and the second relational expression are set up so that it may pass along the same 
point by the predetermined inhalation air content Qc, the straight line which starts the first relational expression 
and the second relational expression in the system of coordinates of an intake pressure Pm and the inhalation air 
content Mc surely becomes continuously. For this reason, even if it makes a setting-out change of the 
multipliers al, ah, Pc, and Qc of the first relational expression and the second relational expression, the 
continuity of the straight line concerning the first relational expression and the second relational expression is 
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maintained. Therefore, the proper intake pressure Pm can be computed and proper engine control is attained. 
[0079] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination 
the first relational expression and the second relational expression, and passes along the same predetermined 
point, there is little setting-out data, it ends, and reduction of memory space and reduction of a count load can 
be aimed at. For example, in the internal combustion engine control device concerning this operation gestalt, 
that what is necessary is just to set up four multiplier data, Pc, Qc, al, and ah, as a map for every engine speed 
and valve timing, since the number of data decreases, reduction of memory space and reduction of a count load 
can be aimed at. 

(The fourth operation gestalt) The internal combustion engine control unit applied to the fourth operation gestalt 
next is explained. 

[0080] Although the internal combustion engine control unit concerning the first operation gestalt and the 
second operation gestalt explained the case where an inhalation air content was computed using two linear 
expressions, the internal combustion engine control unit concerning this invention is not restricted to such a 
thing. 

[0081] The internal combustion engine control unit concerning this operation gestalt sets up two or more intake 
pressures in the whole region of the pressure-of-induction-pipe force, and computes an inhalation air content for 
the intake-pressure field between those setting-out intake pressures using three or more separate linear 
expressions. 

[0082] According to such an internal combustion engine control unit, it becomes possible to the internal 
combustion engine control unit concerning the first operation gestalt to compute an inhalation air content to 
accuracy more. 

(The fifth operation gestalt) The internal combustion engine control unit applied to the fifth operation gestalt 
next is explained. 

[0083] Although the internal combustion engine control unit concerning the third operation gestalt explained 
the case where an intake pressure was computed using two linear expressions, the internal combustion engine 
control unit concerning this invention is not restricted to such a thing. 

[0084] The internal combustion engine control unit concerning this operation gestalt sets up two or more 
inhalation air contents in the whole region of an inhalation air content, and computes an intake pressure for the 
field between those setting-out inhalation air contents using three or more separate linear expressions. 
[0085] According to such an internal combustion engine control unit, it becomes possible to the internal 
combustion engine control unit concerning the third operation gestalt to compute an intake pressure to accuracy 
more. 

(The sixth operation gestalt) The internal combustion engine control unit applied to the sixth operation gestalt 
next is explained. 

[0086] Although the internal combustion engine control unit applied by the fifth operation gestalt from the first 
operation gestalt explained the case where an inhalation air content or an intake pressure was computed using a 
linear expression, the internal combustion engine control unit concerning this invention is not restricted to such 
a thing. 

[0087] The internal combustion engine control unit concerning this operation gestalt computes an inhalation air 
content or an intake pressure using curves, such as a linear expression and a quadratic. For example, when 
judged with it being below the intake pressure Pc to which the fixed intake pressure Pc was set and the intake 
pressure Pm of an inlet pipe was set, the inhalation air content Mc is computed based on the first above- 
mentioned relational expression (1). On the other hand, when judged with it not being below the intake pressure 
Pc to which the intake pressure Pm of an inlet pipe was set, the inhalation air content Mc is computed based on 
the following quadratic (16). 
[0088] 

Mc=a and (Pm)2+b-Pm+c .... (16) 

Moreover, in the field of the high-tension side, you may approximate from an intake pressure Pc with not a 
quadratic but other curves of an intake pressure Pm of an inlet pipe. 

[0089] According to such an internal combustion engine control unit, it becomes possible from the first 
operation gestalt to compute an inhalation air content to accuracy more to the internal combustion engine 
control unit applied by the fifth operation gestalt. 
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[0090] 

[Effect of the Invention] As explained above, according to this invention, by computing an inhalation air 
content or an intake pressure based on at least two relational expression according to the intake pressure or 
inhalation air content of an inlet pipe, the relation of the intake pressure of an inhalation air content and an inlet 
pipe can be approximated to a actual condition, and an inhalation air content or an intake pressure can be 
computed to accuracy. Moreover, in order to compute an inhalation air content or an intake pressure based on 
relational expression, as compared with map processing etc., calculation of an inhalation air content or an intake 
pressure will become simple. 

[0091] Moreover, even if it makes a setting-out change of the multiplier which specifies the first relational 
expression and the second relational expression by setting up as passed along the same point in the first 
relational expression and the second relational expression, the continuity of the straight line concerning the first 
relational expression and the second relational expression is maintained, and an internal combustion engine can 
be controlled proper. For this reason, setting-out modification etc. is easily maintainable. Moreover, it is 
possible to count an intake pressure backward based on an inhalation air content using the inverse function type 
of the first relational expression and the second relational expression, and to count an inhalation air content 
backward based on an intake pressure. 

[0092] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination 
the first relational expression and the second relational expression, and passes along the same predetermined 
point, there is little setting-out data, it ends, and reduction of memory space and reduction of a count load can 
be aimed at. 

[Translation done.] 
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3 21 4 tfER $KT^5e 
[0 0 2 5] Kft#3^±SEffi|^tt % ^"^^^ 
/UK 2 0 2*S«£>i/t^S. -{^-^▼s*^K2-0 
o±atffiHa*. S^V* 2 l*S«ifc£*VCV't&. -f 
yf-^^=*;v K2 0Mf-^>^ 2 1 It xy 

])—T2 2;&5RB£JxTl^o 

[00 2 6] y^2i tf>_bffi&:gtcti: x ^ n * 

h/w^u^/ 2 3 CD* n y YA^SL\^ ;* n y h/V^v?-> 
a^ir>lh2 4{dJ;9^fcti£ix, ECU6i^A^^tt 

[0 0 2 7] y — *"2 20T86ffiBtCli, :x.T:7 

5. ^T7o->-^2 5<0*U«*|4 % ECU6CA 

[0 0 2 8] ECU6I*, *WMtio^i 
5 fc<OTfc?>. CPU, ROM, RAM 
*r*tf3^tra-#«ri*fcLT«j«**fCV^». RO 
Mlcfi, KAgftiJJili/w ^>fc*tr#«H*!/i<— 

[00 2 9] ftlc ^XJt^^ffi«ft«ttHfH»ttlK 

[00 3 0] H2I1 rt*S«a»J^fi^fb^Sr^i-7 

[00 3 1 ] *0O7fs/ys 1 0 («T, fs 1 

oj «h^i- 0 teo^yr/iwo^rtHfiiii-s. ) k 

OK^JBEPmli* RfttVlwjoltS^n 5/ h;W<;U^2 3 

5 Id J: O^tb S ti5 ft A£SfildS<5 £ gCg $ *x* 0 
[0 0 3 2] SR«tf<D«ftflEPml*. ^ny^ i 
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R«\ *OJEA*>*^*ffl«*S:Bi*aA/-C!R«EP 
mi UTt> ±V\ 

|00 3 3]^Lt, S12 fc»fr U RfttfOSRftflE 
Pm^»ECU6tR)£Sn5f)t©!»j5ffP cJ^T 
"CfcSA^^WSSns. ««I£Pcfi, ■ej^/uy 

'h*vM»*ia*:fc*<R*S;h,«. 
[0 0 3 4] S12td;fc^T, ««*OR«JEPxnaSH 

$ *tfc«»E P c J^TT- fe 5 fc W& £ ftfc t # td 
S l 4(d*£frU RSfORaEPmO-ftStfcSft 
OJB— B8«* (l) tdg<5^T, RASftiMcj&sjtffi- 

20 [0035]Mc = al-Pm-bl (1) 

— ^ S 1 2fcl*5V*-C\ K^iOKSUEPm^K^^n 
fc»«ffiPcKT-T?*v^W3esftfci:#K:tt % si6 

«*i:**s«#-c*>«fto»z:B8«S; (2) idg-5^ 

[ 0 0 3 6 ] Mc = a h • Pm- b h (2) 

-^t\ M3\Z S S 1 4RX/S 1 6Mi3ttS»A£ft* 
Mc O fd:fc> \t 5 »»JE Pmt » A2S**M c <D Bl£g 

30 [0 0 3 7] HI 3 ^^oV^TH^T*^i-«t 3 Id, Rf^co 
R^JEPmj&SRSKSUEP c WT^l:iiI-l§^ 
(Mc = a 1 • Pm-b 1) ICl^^T^tMc^I 

HBStU »**OBW8LEPm*R3e»«EP c J:9*# 
1^*frfc:Wt)R-BB«a; (Mc = ah • Pm- b h) Idg 

[0 0 3 8] ^coi:^. *-BW85tC>«# a 1 iS-BI 

a 1 #4»-B«a:«>«# a h£K)'h£ 
<R^*tt5o ^nidit), 0 3O«iS-c^i-J:5(dK 

[0039] »-B8«a:o«ta i x iBJi-b u 
/uy^-C 5^^*»drt?tT**S«KRSiix % 0»J 
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9*£<I3:££*l3o £ tuck 9, a*<OKft*(c5Sv^ 

[0 0 4 0] Sfc, Rr^/U^^^^>^««5^ffiffi 

»:zB«5t<D«# a hAXfi&Kb h^RtShS. 

[0 04 1 ] ^5T\ BI3^*5t>T. i>^2 0i 
®>0#(e:S^# 3 <b 4 *sm**lcB v ^ttffi £ ft ft 

■C«i- J: 5 »A£ft*M c Sr»ft«OKft£EO±« 

[0 0 4 2] i"ftto*> % xy>;y2^grt^i^ 
»^S*P • v=M ■ r • T^:ffiv>TS:ttJ-f K 
ft# 3 iftSH D^mnollf AJBEA P 3^ISff»«*JEA fc * 
L<ft*r i^bEAPt LTSMMfJBEAfcftAU K 

^?S«*MS:»Itii-5wi:3&s-e#5. ^o^ x ©ftlCgJE 

I*. Sctf)^ (3) KJ:9, KftJEPmO— ftai: UTBC 

[004 3] mc=A-Pm-B (3) 

w<D*#. A«U V/ (R • T) tcS-3l^TlS:3££*U 
Bf4R»^*|C»-5V^Tl»3eSjX*. ft*5, Rtt^f^ 

[0 0 4 4] fcriJ&S, /<^*-/<-?y^fc5» 

lw»L«rt*::a«i-5|IHB^*^JlftoT<*. fi£o 
T, * (3) coj: 3ftifiiH«-c«u »ASftl#]E»lc 

[0 0 4 5] 5R«#336SMU^i:tOlBrt^fe»*«— 

[0 0 4 6] U4{z®^#4(^±T^{cioft5EE^it^ 

ScJEAJfc (±««fO»«*£E*/T««o«rt£EA) 40 
'h*< ft* ft*. BMMffiA 

0»tlcjc6 CT»Affi**te»fc*£-rs C t <h ft £ e 

[004 7] '<*7±Tffi<OEE*Jlt&—j£<D]£fi 
JtJ: 0/h«S < ft-S^iSSSS^iatr— ^^rftt), '<A^± 
T«OBEAM:t««*t©B«a«Kftsi-6.' wittt, EE 

3Si-at»if«kLftv^wi:^i;<5< h<otn^^ti 



[0 0 4 8] /^*-/<-?y^*5|*|: 

rfttcJ:tK »ASft*#^ft-t"5fci?>, 3t (3) 
5 ftiafH^T'li. KAS«idSjE?t«cjmji-S n £ 
#"C#ftv\, r*>»fi\ JJSLTtit (D , (2) K*5 

tt£'<7 7<— * a K b K a h x b h Ss^S^IhHE 
9. jE?6ftKA3gmfi(0»tii365prfga:ft-5„ 

[0049] £x±<d£o\z^ *mffimm\z&%ftmmm 

»J»36««c iixtf . «A3Sft*M c *«SM?G>RfiflE P 
mic£;fc-o£>B§«5*; (i) % (2) ics^vNT^ttsi- 
5 r KA£«*£»MF0R«jE0Btt&lt 

«5©»#»tt«ciStrBf*«>»«EPc*:KftL. K 
36S*tfcR«BEP c^WJE«i:fiJBEffl|0#««-e«ft-5 
BB«ai2:*<5V^-c»AS**«rJ|CUl-*-6r:i:»cJ:0. pT 
«»#«»Oi6#»tt^JcE DfcE«ft!RA3E«*©J|[ai 

[0 0 5 0] RA£ft**H«*lcS^T*ttJ 
-T*fc«>* ^y^Sftif tJttS!LTRAa«*«>WUJ 
^ffiSfttoi:ft5o ^Jx-tf, **l£«lBJc:«5rt«S« 

^{Cio^TSfS— Hfl&t4>'<7;<— * a 1, b k fg— HI 

»«»£E*t»Affi«l*^BBi-5^y^«rfflVN^. 
■^y^ftS iritis ftSfti-^ft x — * f^^^CigT* 
t5 0 RASSvfi#fflOfcfc<DSHj^;&s— &5£T 

fc£fc£> x **fc**ftfcG>£ft!9 % KlMttoi&ttfc 

[00 5 1] #(C h/V^^-e^ K*a©i^5?y|( 

[oo5 2] *mt&mmmzftmmmfflwmw\*. m 

nsto-CfcSJfts. »Agg»**rJ|[Uii-S*— Bffa, 
SZHff>St LTiiEoS; (1) , (2) WoB8#a 

[0053] is \z*mmmn\z&zftMmmmfflmm 

tt^«5rtj»«B«y»a6Bi:R«^- K*j*3*lTV* 

[0 0 5 4] H}5<^S 2 Old^i-^ 
EPmOiS|[^n5o wOPJi^CEPmC0gi»|j: x B 



2 5\z£V&m£ft,Zv&A^mcmr5\,^Xftt>tlZ> 0 
SB^^KSUEPmf*. ^Dyh/M;^2 3(D 

v\ 

[0 0 5 5] Itv S2 2(C^Tb, Kfvt^Pi^JE 
^V^afll5 0»j##tt^£^5t. f?****?^ 

^-r ^^^m«5<Dl^J#^^4(cs^v^T, ^v^eue 

[0 0 5 6] S 2 2 fc*5V*-<\ e£Mt^©LSffiJL*&£t£ 
ft * HfcWKEiHrStT'T* 5 t Wft £ ttfc t # Kite. 
S 2 4 Id^Tb, i^^^IE^^^^^^^^: 

o»-B8«* (4) ^wS<3v^T.Jg2^aatMJCJ6 J J^ui 

[0 0 5 7] 

Mc = a -JLj; — Q^m ^P-~e-)~*+Q -o ( 4 ) 

yb»^-R«^^^^lr^Jft * ttfe £ t tCti v S 2 6 

^iJii^SJS^^*^ -JSa^j( 5 ) 

[0 0 5 8] 

M c^=^a-h-« — (Pm — P-c-)— +^c ( 5 ) 

^wT\ IU6(C X S2 4Ri;S2 6l^tt5KA2Sl 
M c ^»*(C*5lt5»*£E P mtRASfiiM c <£>Bfl* 

Mc =0.9- (Pm-4 9. 5) 
Mc = 2. 1 • (Pm- 4 9. 5) 
^rUT, 5t (6) ©»— BffARtf* (7) <&|Sz:B« 
xtlc^SiglSui, B7©|tli-e/TtJ:5i:, »ttLfcfc 

<E>£ft5 0 

[0 0 6 5] st (6) o»—B«5tXtf5t 

(7) ©#-B««fc*3«t3«»a 1 

Mc = 1 
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* [0 0 5 9]H6fc»tJ:5^ MfO««EPmis 
RftS5»EP c KT©»frte»4JB— BB«a (Mc = a 1 
• (Pm-Pc) + Qc) ldX-3v^T»ft*Mci&S*tti 

*§*fcttJUZ:Bff5£ (Mc = ah- (Pm-Pc) + Q 

[ooeo] m-m^tm-mw^t. wnjzpmt 

J:5fc:R«S*LTv*a 0 #J*.tf v R«EPmi»A2* 
5#fflj»3&SRI— (Pc. Qc) ^ii5<t9tc % Jg- 

[oo6i] m— Bi«*a^jg-BB«*(c*5«-s«»p 

»VJB-BB«*^fe»ts«#o«*a K ahliSv>|: 
Sft5<Sfc:Rft$*v Will K— H«5Co«#a Hi 
«~B8«ao«# a h <tt)/h$<Sft$ix-5o 

[0062] rjlo *nmmmiz&zftmmm 
mmizxtu^ m^co^^EEP c -ei^— & (p c . q 

c) «:ii5J:ptcm-B8«S;i:®-Ba«^:$re:ft-r5r 
irKJ:!?, Rftffi P m i » A$«1M c Olffl* t T» 

Ofcab, *-B«a»V*-BB«a^«»a K ah, 
Pc, Qc«rRj£SE3ELTfc. »-H«*iIrHffS 

[0 0 6 3] «x.tf % al$:0. 9, a h£2. 1, P 
c£49. 5, Qc£50. 4 IT, JS— BfiRzfcXl* 
JB"B«a;SrR«i-5i: % »— H«3;i*»oS; (6) <7> 
«fc ^^M^^ii^co (7) ^ J: 3 f-^^n 

5 6 

[0 0 6 4] 



20 



30 



+ 5 0. 4 (Pm^4 9. 5) — (6) 
+ 5 0.4 (Pm>4 9. 5) ••• (7) 
$K (2. 1) % Pc (49. 5) , Qc (50. 4) (Co 
V^T, -tn^ix^K^KTSrEgtiSALTRftaEXi-S 
5£ (6) B«*ttft(7>S; (8) t**>, * 

(7) <o*-B«*ttftoS; (9) ifc3o 

(0. 9) % a h^-40 [00 6 6] 
• (Pm-5 0) +5 0 (Pm^50) 



(8) 



Mc = 2 • (Pm- 5 0) +50 
^(O^ (8) <o«-B«*Xt«: (9) t^M~B^(C 

^t, a«o4»A^«*^»aiT?#. ft»ftsHwt-c 

^ > ^ ^SJ» # pjfg t ft 5 o ★ 

Mc = 0. 9 • Pm+ 5. 8 5 
Mc = 2. 1 • Pm- 5 3. 5 5 



(Pm>5 0) 



»• (9) 

★ [0 0 6 7] * (6) % (7) SrSE^Ur, «t 

tW^iD*<o«*i UT*-B»5*Xt5*z:B»«:«:R 
3£t5i, »— H«SERWJR-B«Sttt, (l 
0) % (ii) coj: 5^**ixS. 
[0 0 6 8] 

(Pm^4 9. 5) ••• (1 0) 
(Pm>4 9. 5) - (11) 



«#«»Xt5«>t«**cov^-C/J*A«TS^Eg»3EAi- 50 5<ir, 55(10), (1 1) tt, ftoSC (1 2) % (i 
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3) tteho 
10 0 6 9] 

Mc = l • Pm+6 (Pm^5 0) ■■• (12) 
Mc = 2 • Pm- 5 4 (Pm>50) ■■■ (13) 

*z t*c, (l 2) ^*-BB«S»tf* (i 3) o 

gAa*WPm=5 OORlCTitffttt 

[0 0 70] ^t, *H*S^ffi(^Srt«S«Ba*Jffli(cj: 

A£«fcS<S*R*ffi - & t>^T*-C*>*. 

i"*te*>, K«JEPmi:KA2S«*Mc H«5tR. 
tWB=H«^M«tttt5wilcJ:«3 % »«JEPmi« 

[0 0 7 1 ] *fc* JB-BB«StawiS-BB«a«:Bf3eo 

«tr t LBfJtoiB— jftfcasat LTK^i-Jxtf <tv>o 
mmmmwmmx'te, 

y^k\Z., Pc, Qc. aK ah^fflo^ltf-^ 
Sr-^y^i: LTR3£LT*5fttf J:<. t*— *ft#/J>ft< 

S 0 

RRfcov^TRRi-*. 
[0 0 7 2] ^X^«lc«5A«ttBB1Hfli3SS(l, * 

%^ffi(c«5^«S«IBeM»£R^ B 1 t^i-R— IMS 

[00 7 3] H 8 Ic^niWRicfllS AttARMffatER 
[00 7 4] H8^S30l^fJ;9(C N ^>v^2 

[0 0 7 5] ^tt, S 3 2 l^trU xy^y2lcK 
AS Jx5RA£ftfl;M c TOECU6 KR^Stifc^r 

ttlcS^t . * 7 g^tvf 1 2 ic J; «9 filfcb 

[0 0 7 6] S3 2IC^5V>T. ^MMc«£$ 
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nfc»A2S**Q c KTT*5i«)6SJifc £ * dli, 

S3 4*C#fTU KASftlM c 

— m&j£ (14) {CS^VNT. RftEEPm^JlttJSix 

[0 0 7 7] 

Pm= (Mc-Qc) /a 1+Pc (14) 

— *\ S3 2ic*5i*-c* rasarmc^ra^4krq 

10 #T*fc5fc<7>fg:iM«5£ (15) tdS^T, »*UEP 
[0 0 7 8] 

Pm= (Mc-Qc) /a h + P c (15) 

tf , Bf*ORAffl**Q c T^— ^SriiS i 5 KR— H 
i8«^SKS$^TV^-5fcJ?>. RflEPmi 

R ~ BS«*0>«» a U ah, P c . Q c SrlSS^S L 
20 tt, R— HA^&RziH«£^fRSiUftoiCRtt^« 
fcns. 86 oT, RjE4R«EPm*rJ|EHi-e#. SjE* 

[0079] R— »«s:xt/*z:H«a;&gf^cr) 
«* £ UJr*G>W— jfttrRS*i: L,TR*i-*Ltf Jivva 

J»«HSJ»SSRT?tt, * VIEWER, 

^wfclC* Pc, Q C> a K a h ^>E9o(0^gc^— 9 

SKRfcoi^TR9ii-s Q 

[008 0] R-*J6»ttXVR-|itt«tt^«srt« 
«H«»RR"Ctt-oo-ft^;S:«vxx»A2S«*S:« 

[008 1] ^RltSRCcff « ARMHMtPRRtt, R 
40 fe^R^Rj^.<DM0R«JER*S: = oei±(7>jSiJfi<7>-- 

[0082] z<D£i*ft)mmfflwmmz£ti^ % 
-rr»r«c« 5 ^mmmmmmm^n j:t)iE^jc 

RARR*«rJHlJi-»Ci:#RrRiftfi. 
(R3E«»«R) Ki::R£ltR»R^fll«AttttHM«P 

[0083] R=itii»R^«ii«rtittaH«ipRR-ca 

fltfc#, **W«-«SrtiB«H«dW3SRtt*<oj:5* 
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[oo8 4] *mm&m\zmzftjtmmmmmm^ k 

[0 0 8 5] ^©J:5*rt««HfRI»3S»cj:ixtf. g 

[0 0 8 6] ffl— jlttS*«^e>JKi||lfi®lB*T^«5 

rt«MaSiS«t»^ei^oj: 5ftfcOKKb;ix5t>o-ett 
ftv\ 

[0 0 8 7] 4:|l%«tt(cffi5A«S«IBiftiJ»SBl^ - 

RJ6U KMoftftEEPmsOSKltdixfcaftflEP'ca 

(1) ^*-5v^T»Affi*»Mct:»ffi-r*. — ft 
ft^ORSUBEPmiSRSSttfeKftJEP c^mVN^: 
¥UJ£Sixfc£ tlctt, ftO-ft* (16) JcS^>TK 

[0 0 8 8] 

Mc = a-(Pm) 2 +b-Pm+c ••••(16) 
»«EEP c <t D a5ffi«0«*-Ctt, 

v\ 

[0 0 8 9] r©J:5ftrtJ»«BB*«i«»wJ:nr* % Jg 

[0 0 9 0] 

I*«<o»*] SU:l!W!LfcJ:5lcaW8Wlcj:Jxtf, pJ* 
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UT» Affi**Xtt»»EOj|[ffl3ft5fB* 4 t> £ ft So 
[00 9 1] *fc % *-BB«*ftV*-BB«a;3ftSB-jK 

1->x*mg,\zftx.Z 0 *fc, »-BB«a;i:*-B8»a: 
10 o»B8«**fflv^T»Affift*^X<5v^T»«JE*iSfrJt 

ffi£<h LgfSEoK— AZmttb UTK^i-^tf 
[■B0ffi¥&R9n 

[urn *&w<Dm-nmmmiz&zftmmmfflmmm 
0>rwb-cs>s. 

20 [0 2] Hl^rt««H«J»««0»ff^-r7n-^ 
•Y — h "CifoSo 

[0 3] Hiort««B8»J»K«^»AS**llUi^j3 
# S »«JE Pmi: BASft*M c <E>B§« ^^tit^ 

So 

[04] /VV^t- 7 y^SfcSii-^jc^JtS^U 

[0 5] »^HJte^ffitc^srt«S«SBBffiiJfflJ$iaolb^Sr 

[0 6] IB—IISfi»lB^«5rt«^BB«!l»K«^>KAS 
30 atSajlC*3(t SRftJBE P m £ c 0>Bffi& 

[07] ^-iiffi^jitc«srti»«Ba««jfflisifi{c^jj-s 

[08] »HHig^«gt^Srt^«8Ba$«ttiKeolb^Sr 
[*-fr0R9i] 
*4"t$>*mM (pT8C»#««) , 6 -ECU. 
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[El 3] [El 4 1 




©SHE Pm (kPa) . 
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[H17] 




(72)^PJ# Sfegf Bf^C F^ — 3G084 BA04 BA23 DA04 DA13 EA07 

^fcJJ^Sffl rfT h 3 ?$T1 h 3 ^ gflj EA11 EB02 EC04 FA07 FA10 

^tf^^ttf^ FA11 FA38 FA39 

3G092 AA01 AA11 AB02 BA01 BA02 
DA03 EA08 EA11 EA23 EB10 
EC06 FA06 HA01Z HA05Z 
HA06Z HA13X HA13Z HE01Z 
HE03Z HE04Z 
3G301 HA01 HA19 JAOO JA20 LA01 
LA07 MA01 MA 12 MAI 3 NA09 
NB18 ND05 ND45 NE18 NE20 
PA01Z PA07Z PA11Z PE03Z 
PE04Z PE10A 



